Abstract. Bernhard Voldemar Schmidt (1879 was born in Estonia. He ran an optical workshop in Mittweida, Saxonia, between 1901 and 1927. Astronomers appreciated the quality of his telescopes. Starting in 1925, working freelance in Hamburg Observatory, he developed a short focal length optical system with a large field of view. He succeeded in inventing the "Schmidt Telescope" in 1930, which allows the imaging a large field of the sky without any distortions. Shortly after Schmidt's death, the director of the observatory published details on the invention and production of the Schmidt Telescope. After World War II, Schmidt telescopes have been widely used. The first large Schmidt telescope was built in 1948, the "Big Schmidt" (126 cm), Mount Palomar, USA. Schmidt telescopes are also important tools for cosmology. The result of the Palomar Observatory Sky Surveys (1949)(1950)(1951)(1952)(1953)(1954)(1955)(1956)(1957)(1958)(1985)(1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)) is a data base of about 20 million galaxies and over 100 million stars, supplemented in 1971 by the ESO Schmidt for the southern sky. Also high resolution spectrometers can be fitted to the Schmidt telescope. The 80 cm Schmidt telescope of Hamburg Observatory, planned since 1936, finished 1955, is on Calar Alto, Spain, since 1975. Combined with two objective prisms, it was used for a Quasar survey project.
INTRODUCTION: BIOGRAPHICAL REMARKS
Bernhard Schmidt (1879 Schmidt ( -1935 was born in Estonia on the island Naissaar (German: Nargen -Fraueninsel, Swedish: Nargö) 8 km from Tallinn (German: Reval). He had a Swedish mother and a German father, see, e.g., Dufner (2002) , Schmidt (1995) and Müürsepp (1982 Müürsepp ( , 1995 , Wachmann (1962) . After a few months of studying engineering in Gothenburg (German: Göteburg), Sweden (Chalmers university of technology, 1901), he attended the technical school ("Technikum", today: University of Applied Sciences) in Mittweida, Saxonia, since 1901 for some semesters. Archive material can be found in Hamburg Observatory and in Mittweida. Between 1901 and 1927 he ran an optical workshop in Mittweida. In his observatory he used his own telescopes and discovered -among others -Nova Persei 1901. Astronomers appreciated the quality of his telescopes (parabolic mirrors). In 1904 he wrote a letter to the Astrophysical Observatory Potsdam and offered his knowledge in optics. Schwarzschild recognised the quality of Schmidt's work and allowed him to correct the famous 50 cm Steinheil-objective. The fruitful cooperation was stopped in 1913 by the Prussian administration.
OTHER ACTIVITES AND INVENTIONS OF BERNHARD SCHMIDT
Bernhard Schmidt was active as an inventor and engineer in several fields of technology: besides astrophotographical equipment he manufactured also spectrohelioscopes, micrometer screws of high precision, and in aerodynamics he invented a ship for sailing against the wind (Gegenwindschiff -until 1929 he struggled without success with the patent office). In 1909 he developed a large horizontal camera for photographing the Sun and the planets, a parabolic mirror of 40 cm and 1 m focal length, mounted vertically on a pillar with the axis in North-South-direction, and a coelostat. In 1916 he showed his results to Richard Schorr (1867 Schorr ( -1951 , director of Hamburg Observatory; he was very impressed and asked him to construct the same horizontal camera system for Hamburg (coelostat of 61 cm with a special driving system and a parabolic mirror of 55 cm and 11 m focal length or a parabolic mirror of 60 cm and 30 m focal length), which he finished in 1920. In addition Schorr offered him to set up his workshop in the observatory, what Schmidt accepted in 1926. Later Schmidt constructed the same horizontal telescope for Breslau Observatory. During the solar eclipse expeditions to Jokkmokk 1927 and to the Philippines islands 1929, the horizontal camera was used and Bernhard Schmidt in discussion with Walter Baade (1893 Baade ( -1960 had his idea for the Schmidt telescope (Hodges 1948 ).
PREHISTORY: FROM ASTROGRAPH TO SCHMIDT TELESCOPE
Prior to the invention of photography, refractors were specially corrected for visual observations (achromatic). The new astrographs -i. e. long focal-length refractors -produced sharp images at blue wavelengths. The ratio between objective diameter and focal length is 1:10. Astrographs have only a small field of view, but good angular resolution, e.g., for observations of binaries. In 1887, the first meeting on astrophotography took place in Paris. The Henry Brothers proposed an international collaboration for a photographic survey of the whole sky. For this purpose they designed a standard astrograph: objective diameter 34 cm, focal length 3.4 m.
For large-scale sky photographs, however, portrait objectives were used. The advantages of portrait objectives are their speed and their large field of view. They are especially advantageous for photographs of the Milky Way. The ratio between objective diameter and focal length is 1:5.
Around 1900 reflectors have been introduced. Fast glass reflectors with short focal length (the ratio between objective diameter and focal length is 1:3) can resolve individual stars in some galaxies. Their field of view, however, is much smaller than that of portrait lenses. The first successful reflectors were used at the Lick Observatory, California/USA (diameter 90 cm) and at Yerkes Observatory, Wisconsin/USA (diameter 60 cm). A reflecting telescope with a parabolic mirror produces a distortion-free (coma-free) image only if the incident rays of light are parallel to the optical axis. Rays incident at an angle to the optical axis produce asymmetric, comet-like images (coma) in radial direction. Therefore, the parabolic mirror has only a small usable field of view, i.e. it has a fairly good definition over only a field of only some minutes in diameter. As a result, thirty-two plates are required to cover only one square degree. The entire sky contains of 41,253 square degrees! This new problem -needing a good quality not only for one star in the centre but over a wide field -came up with the rise of photography instead of visual observation.
The first step towards larger fields of view was the Ritchey-Chrétien telescope suggested by George Willis Ritchey (1864 Ritchey ( -1945 and Henri J. Chrétien in 1922. Avoiding the coma, the system still had astigmatism and field curvature. Karl Schwarzschild (1873 Schwarzschild ( -1916 suggested a special two mirror telescope that retained only the image defect of astigmatism. The great separation of the mirrors and the precision required, demanded an extremely sturdy tube and a large dome, see Karl Schwarzschild's papers (Nachlaß), Archive, University of Göttingen.
THE INVENTION OF THE SCHMIDT TELESCOPE AROUND 1930
Starting in 1927, working freelance in Hamburg Observatory, Bernhard Schmidt developed a short focal length optical system with a large field of view. For this purpose, Bernhard Schmidt moved his workshop to the observatory, in the cellar of the main building. In the Schmidt museum in Hamburg Observatory one can see original tools of Schmidt for grinding, polishing and testing lenses or mirrors: polishing disks, spherometer for measuring the radius of curvature or an original correction plate. Based on his calculations and on his experiments he succeeded in inventing the "Schmidt telescope" or Lichtstarkes komafreies Spiegelsystem mit kurzer Brennweite, as it was called by Bernhard Schmidt (1931) , a short focal length optical system with a large field of view (Wilson 1994) . Its greatest, unsurpassed advantage is the large field of view with distortion-free imaging.
In order to avoid the coma, produced by a parabolic mirror, Schmidt used a spherical mirror. "Spherical aberration" was removed with a special correction plate mounted in the centre of curvature of the spherical primary mirror. Schmidt calculated a formula for the correction plate. In addition, Schmidt had a brilliant idea for the production of this correction plate -with vacuum technology. This method was published by Schorr (1936) ; the engineer of Carl Zeiss Jena visited Hamburg Observatory in 1937 and got the information directly from Schorr, cf. Marx & Pfau (1990) .
Schmidt's first 36 cm telescope (spherical mirror diameter 44 cm, correction plate diameter 36 cm, f ratio 1/1.75, focal length 62.5 cm and field of view 15
• ), can be seen in the Schmidt museum in Hamburg Observatory. At the Boyden Observatory in Bloemfontein, South Africa, a Schmidt telescope has been in use since 1962. Schmidt produced a second larger telescope of 60-cm diameter of correction plate, 60 cm mirror diameter, 300 cm focal length, f /5. This was used as a double reflector with English mounting, see Schorr (1934) . Shortly after Schmidt's death, Richard Schorr, mentor of Bernhard Schmidt, published details on the invention and production of the Schmidt telescope (Schorr 1936; Strömgren 1935) . The Schmidt telescope is an important instrument for astrophotography. Its greatest, unsurpassed advantage is the large field of view (up to 15
• ) with distortion-free imaging, cf. Carathéodory (1940) . The Schmidt telescope is a typical survey instrument for research programs, for scanning the whole sky.
Two smaller disadvantages of the Schmidt telescope are to be mentioned. First, the film must be curved, hence flat photographic plates cannot be used -the new goal was flattening the photographic plane (field-flattening problem). Second, the overall length of the Schmidt telescope is very large (twice the focal length, whereas a "Cassegrain telescope" needs only a third of the focal length). Compact designs were developed like Schmidt-Newtonian and Schmidt-Cassegrain. Efforts have been made to overcome these chief disadvantages of the Schmidt telescope: the Schmidt-Väisälä camera (Väisälä 1936 ), Schmidt-Cassegrain telescope, BakerSchmidt camera or Maksutov meniscus system, cf. Wolfschmidt (2009).
THE LARGE SCHMIDT TELESCOPES
The idea came directly to the USA by Walter Baade in 1931, who had seen the prototype made by Bernhard Schmidt. He was interested to analyse supernovae as the final stages of massive stars, predicted by Fritz Zwicky and Walter Baade (Baade & Zwicky 1934) . The first Schmidt telescope was installed in Mt. Palomar Observatory, CalTec, California: the "Little Schmidt" with an aperture of 46 cm (18 ′′ ). Comet Shoemaker-Levy 9 was discovered with this Schmidt. After World War II, Schmidt telescopes have been widely used (Riekher 1990 
SKY AND SPECTRAL SURVEYS WITH SCHMIDT TELESCOPES
Schmidt telescopes are especially useful for fields with less than 100 000 objects, see for example Marx & Pfau (1990) . Bright galaxies, brighter than 16 mag, dwarf galaxies and peculiar galaxies, quasars, brighter than 19 mag, galaxy clusters up to a distance of 1500 Mpc, super galaxy clusters, galactic clusters and associations, variable stars, peculiar stars, brighter than 15 mag, small planets and comets. Schmidt telescopes are also very well suitable for large-scale objects like interstellar matter, luminous gaseous nebulae, and dark nebulae.
A Schmidt telescope was in the heart of the Hipparcos satellite of the European Space Agency, 1989 Agency, -1993 . This was used in the Hipparcos Survey which mapped the distances of more than a million stars with unprecedented accuracy -this included 99% of all stars up to magnitude 11. Also the space probe Kepler, started 2009 March 6, has Schmidt optics (diameter of the correction plate 0.95 cm, diameter of the mirror 1.4 m).
Sky surveys
For a survey of the sky it is useful to photograph in two different wavelengths -in the blue and in the red region. For a long time, Schmidt telescopes were used with photographic plates , but nowadays optics is upgraded with a very wide field of view CCD arrays, which are much more sensitive than the photographic plates, cf. Marx & Pfau (1990) . In contrast to the photographic emulsion, CCD detectors have the additional advantage of linear response.
With the "Big Schmidt" it was possible to photograph the northern sky (down to −33
• and to magnitude 22) in seven years in two colours. The Palomar Observatory Sky Surveys (POSS-I, 1949 (POSS-I, -1958 , and the digitised photographic POSS-II survey, 1985 -1999 are an excellent source for finding interesting celestial objects like galaxies, novae and variable stars. A total of 1872 (2 × 936) blue and red sensitive photographic plates were used for the POSS-I survey (1949) (1950) (1951) (1952) (1953) (1954) (1955) (1956) (1957) (1958) , and 3 × 897 plates for the POSS-II. Note that for the sky patrol project of the Henry Brothers 22,154 plates were taken by 20 observatories in 20 years. This northern survey was supplemented in 1971 by the ESO Schmidt for the southern sky.
In 2003 As a whole in 20 years of use of the large Schmidt telescope in Hamburg 5775 plates were produced in 1500 nights. But this instrument -the Hamburg Schmidt -could be more useful in a place with better climate and at a larger distance from a big city with its disturbing lights. Since 1975 the decision was made to move the 80-cm Schmidt telescope of Hamburg Observatory (finished in 1955) to the Calar Alto Observatory, Spain (German-Spanish Astronomical Centre). The mounting was made by Grubb-Parsons (1974) , the telescope was added in 1979.
Spectral surveys with objective lens prisms
Also high resolution spectrometers can be fitted to the Schmidt telescope. For example four objective prisms, and an objective grating, each of 24-inch aperture, were acquired for the Burrell Schmidt telescope.
The 80 cm Hamburg Schmidt telescope was combined with two objective prisms and used by Behr, Kohoutek and Haug for galactic and extragalactic surveys. The highlight was the quasar survey project on Calar Alto, cf. Haug (1972) . The objective prisms offered about 10 000 spectra on one plate. Quasars are very bright objects, 100 000 times brighter than a normal galaxy, but also very distant objects of high redshift. Their broad emission lines are characteristic and allow the determination of the high redshift. The search for quasars on plates with a microscope is very time consuming, it took several weeks to find about 20 quasars on one plate. Thus the working group of Dieter Reimers, professor in Hamburg since 1980, suggested to combine a Perkin-Elmer PDS 1010G machine for digitalization with a computer (1983); thus the whole process of analysis of photographic plates could be automatised (1987) . 567 fields and 1288 plates were taken; now 50 to 100 quasars per plate could be detected, cf. Schramm (2010) . A special highlight was the detection of the quasar HS1700+6416, extremely bright and according to the spectrum, with very high redshift (the ultraviolet Lyman alpha line of hydrogen was shifted to the visual region). Below this line was the forest of absorption lines which provide information about the clouds in the intergalactic space. These interesting quasars were observed in detail later with the Hubble Space Telescope.
Later, in 1989 to 2000, the project was expanded to the southern sky with the ESO Schmidt telescope (Hamburg/ESO Survey, HES). In this way Schmidt telescopes are important tools for cosmology to provide data.
CONCLUSION
We have seen that in the field of astrophotography only the Schmidt telescope achieves -in comparison with the astrograph, portrait lens or reflector -maximum size of field of view and maximum image quality (at the same time, avoiding spherical aberration, coma, and astigmatism).
"Seldom is one confronted with an instrument which justly belongs to an honored place in a historical museum and at the same time is an important research instrument in a modern observatory like Hamburg." Nassau, Jason John (1893-1965) (Cleveland, Ohio).
Bernhard Schmidt belongs to the important opticians like Joseph Fraunhofer or Ernst Abbe. Some original instruments from Bernhard Schmidt survived as I have shown. In Hamburg Observatory it is planned to compile a digital Schmidt database with his archive material, papers, letters, and documents, already scanned by Walter Stephani, and his instruments, optics and workshop tools in Hamburg and in addition a bibliography of literature about Schmidt. In addition the photographic plate archive scanning is in progress for further studies.
The most influential impact of the Schmidt system was in the field of astronomy for sky surveys, cf. Haug (1972) . The Schmidt telescopes were also useful in combination with spectroscopy; the development started with Rudolph Minkowski (1895 -1976 , cf. Minkowski (1944) . A new era of the Schmidt telescopes starts with the CCD arrays instead of photographic plates which are no longer available since several years. The Schmidt telescope has really revolutionised astrophotography, this type of telescope is an excellent tool for finding interesting celestial objects like galaxies, novae and variable stars and also contributed to cosmology and hopefully will do so in the future. The by far largest and most modern Schmidt telescope in the world, LAMOST (Large Sky Area Multi-Object Fibre Spectroscopic Telescope), was inaugurated in October 2008 in Xinglong Observatory of National Astronomical Observatories (NAO), Chinese Academy of Sciences. This reflecting Schmidt telescope has a 6 m mirror composed out of 37 hexagonal elements made from glass ceramics Zerodur, Schott, Mainz. The system has active optics on the main mirror and on the Schmidt corrector. The collected light is guided through 4000 glass fiber optics to 16 spectrometers. With an exposure of 1.5 hours celestial objects as faint as down to magnitude 20 can be reached (Lamost, Wiki, Dec. 2008 ). It will bring Chinese astronomy into the 21st century with a leading role in wide field spectroscopy and in the fields of large scale astronomy and astrophysics.
